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(57) ABSTRACT 

A method for judging road surface conditions for judging 
road surface conditions on Which a vehicle is running. The 
method includes the steps of: obtaining Wheel speed rota 
tional information of driving Wheels of the vehicle during 
running from Wheel speed detecting means, receiving GPS 
radio Waves to calculate positional information, and judging 
road surface conditions during running on the basis of a 
relationship betWeen the Wheel speed rotational information 
and the positional information. Conditions of road surfaces 
on Which a vehicle is running can be accurately judged. 
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METHOD AND APPARATUS FOR J UDGING ROAD 
SURFACE CONDITIONS AND PROGRAM FOR 
JUDGING ROAD SURFACE CONDITIONS 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a method and 
apparatus for judging road surface conditions and to a 
program for judging road surface conditions. More particu 
larly, it relates to a method and apparatus for judging road 
surface conditions and to a program for judging road surface 
conditions With Which it is possible to judge road surface 
conditions during running particularly in four-Wheel-drive 
vehicles. 

[0002] Antilock braking devices have been conventionally 
proposed in Which locked conditions of Wheels are pre 
vented by decreasing braking torque acting on the Wheels 
prior to occurrence of a condition in Which the tires are 
locked With the braking force betWeen tires and the road 
surface exceeding a maximum value to thereby control the 
rotational number of the Wheels With Which maximum 
braking force can be obtained. In such an antilock braking 
device, it is possible to employ a method for judging 
coefficients of road surface friction in Which, for instance, a 
relational expression betWeen an acceleration of the vehicle 
and a slip ratio is obtained Whereupon a slope of this 
relational expression is compared With a preliminarily set 
threshold, and the coefficient of friction betWeen the road 
surface and tires is judged on the basis of the result of this 
comparison (see Japanese Unexamined Patent Publication 
No. 2001-334920). 

[0003] HoWever, in a relationship betWeen the accelera 
tion of the vehicle and the slip ratio in such a method for 
judging coefficients of road surface friction, a gradient of p-s 
curve of the road surface and the tires is obtained on the 
basis of the acceleration of the vehicle obtained from a 
rotational velocity of the folloWing Wheels and a tendency of 
slip of the road surface is judged accordingly so that a 
draWback is presented that this method is not applicable to 
four-Wheel-drive vehicles. 

SUMMARY OF THE INVENTION 

[0004] The present invention has been made in vieW of the 
above facts, and it is an object thereof to provide a method 
and apparatus for judging road surface conditions and a 
program for judging road surface conditions Which are 
capable of judging road surface conditions during running 
also in a four-Wheel-drive vehicle. 

[0005] According to a ?rst aspect of the present invention, 
there is provided a method for judging road surface condi 
tions for judging road surface conditions on Which a vehicle 
is running. The method includes the steps of: obtaining 
Wheel speed rotational information of driving Wheels of the 
vehicle during running from Wheel speed detecting means, 
receiving GPS radio Waves to calculate positional informa 
tion, and judging road surface conditions during running on 
the basis of a relationship betWeen the Wheel speed rota 
tional information and the positional information. 

[0006] According to a second aspect of the present inven 
tion, there is provided an apparatus for judging road surface 
conditions for judging road surface conditions on Which a 
vehicle is running. The apparatus includes Wheel speed 
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detecting means Which detect Wheel speed rotational infor 
mation of tires of driving Wheels of the vehicle, a GPS 
device Which receives GPS radio Waves and calculates 
positional information, and a road surface condition judging 
means Which judges road surface conditions during running 
on the basis of a relationship betWeen the Wheel speed 
rotational information and the positional information. 

[0007] According to a third aspect of the present inven 
tion, there is provided a program for judging road surface 
conditions in Which for judging road surface conditions, a 
computer is made to function as a road surface condition 
judging means Which judges road surface conditions during 
running on the basis of a relationship betWeen Wheel speed 
rotational information of tires of driving Wheels of the 
vehicle obtainable from Wheel speed detecting means and 
positional information of the vehicle obtainable from a GPS 
device Which receives GPS radio Waves to calculate posi 
tional information. 

[0008] According to a fourth aspect of the present inven 
tion, there is further provided a method for judging road 
surface conditions for judging road surface conditions on 
Which a vehicle is running. The method includes the steps of: 
obtaining Wheel speed rotational information of driving 
Wheels of the vehicle during running from Wheel speed 
detecting means, receiving GPS radio Waves to calculate 
information on vehicle velocity, and judging road surface 
conditions during running on the basis of a relationship 
betWeen the Wheel speed rotational information and the 
information on vehicle velocity. 

[0009] According to a ?fth aspect of the present invention, 
there is also provided an apparatus for judging road surface 
conditions for judging road surface conditions on Which a 
vehicle is running. The apparatus includes: Wheel speed 
detecting means Which detect Wheel speed rotational infor 
mation of tires of driving Wheels of the vehicle, a GPS 
device Which receives GPS radio Waves and calculates 
information on vehicle velocity, and a road surface condition 
judging means Which judges road surface conditions during 
running on the basis of a relationship betWeen the Wheel 
speed rotational information and the information on vehicle 
velocity. 
[0010] According to a sixth aspect of the present inven 
tion, there is yet further provided a program for judging road 
surface conditions in Which for judging road surface condi 
tions, a computer is made to function as a road surface 
condition judging means Which judges road surface condi 
tions during running on the basis of a relationship betWeen 
Wheel speed rotational information of tires of driving Wheels 
of the vehicle obtainable from Wheel speed detecting means 
and information on vehicle velocity obtainable from a GPS 
device Which receives GPS radio Waves. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a block diagram for illustrating an 
embodiment of an apparatus for judging road surface con 
ditions according to the present invention; 

[0012] FIG. 2 is a block diagram for illustrating electric 
arrangements of the apparatus for judging road surface 
conditions of FIG. 1; and 

[0013] FIG. 3 is a vieW illustrating a relationship betWeen 
slip ratio and acceleration When running on road surfaces of 
ceramic tiles, Dorset pebbles and Wet concrete. 
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DETAILED DESCRIPTION 

[0014] The method and apparatus for judging road surface 
conditions and the program for judging road surface condi 
tions according to the present invention Will noW be 
explained With reference to the accompanying draWings. 

[0015] As illustrated in FIGS. 1 and 2, the apparatus for 
judging road surface conditions according to an embodiment 
of the present invention is for judging road surface condi 
tions during running on the basis of Wheel speed rotational 
information of four tires FL, FR, RL and RR provided in a 
four-Wheel vehicle, and is equipped With ordinary Wheel 
speed detecting means 1 respectively provided relative to the 
respective tires. 

[0016] The Wheel speed detecting means 1 might be a 
Wheel speed sensor for measuring Wheel speed rotational 
information on the basis of number of pulses upon gener 
ating rotational pulses by using an electromagnetic pickup or 
similar, or an angular velocity sensor in Which poWer is 
generated by using rotation such as in a dynamo, Wherein the 
Wheel speed rotational information is measured from a 
voltage thereof. Outputs of the Wheel speed detecting means 
1 are supplied to a control unit 2 Which might be a computer 
such as an ABS. To the control unit 2, there is connected a 
GPS device 3 Which receives GPS radio Waves from a GPS 
antenna 3a to calculate positional information related to 
positions and velocities of the vehicle during running. There 
are further connected a low M road alarming display 4 Which 
might, for instance, be a display means comprising liquid 
crystal elements, plasma display elements or CRT for 
informing a driver of a road of low M from among road 
surface conditions (high p road, intermediate p road and low 
M road). 

[0017] As illustrated in FIG. 2, the control unit 2 com 
prises an I/O interface 2a required for sending/receiving 
signals to/from an external device, a CPU 2b Which func 
tions as a center of calculation, a ROM 2c Which stores a 
control operation program for the CPU 2b, and a RAM 2d 
into Which data are temporally Written and are read out 
therefrom When the CPU 2b performs control operations. 

[0018] Pulse signals corresponding to the rotational num 
ber of the tire (hereinafter referred to as “Wheel speed 
pulse”) are output in the Wheel speed detecting means 1. In 
the CPU 2b, rotational angular velocities Fi for the respec 
tive tires are calculated on the basis of the Wheel speed 
pulses as output from the Wheel speed detecting means 1 at 
speci?ed sampling periods AT(sec), for instance, AT=1 
second. 

[0019] Since the tires are manufactured to include varia 
tions (initial differences) Within standards, effective rolling 
radii of the respective tires (a value obtained by dividing a 
distance Which has been traveled by a single rotation by 275) 
are not necessarily identical to one another even though all 
of the tires are at normal internal pressure. This Will result 
in variations in the rotational angular velocities Fi of the 
respective tires. Thus, corrected rotational angular velocities 
F1i are calculated to cancel variations oWing to initial 
differences. More particularly, corrections are performed to 
satisfy 
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[0020] The correction coefficients m and n are obtained as 
m=F1/F2 and n=F3/F4 on the basis of rotational angular 
velocities Fi When the rotational angular velocities Fi have 
been calculated on the premise that the vehicle is performing 
straight-ahead driving. The Wheel speed rotational informa 
tion is indicative of rotational velocities Which are calculated 
upon reading periods of Wheel speed pulses of the Wheel 
speed detecting means 1 and the number of pulses at 
speci?ed time intervals, and the Wheel speeds Vi of the tires 
of the respective Wheels are calculated on the basis of F1 i. 

[0021] As represented by car navigation systems, posi 
tioning utiliZing global positioning systems (GPS) are gen 
erally knoWn in the art for localiZing vehicles. Many studies 
are being made for improving the accuracy of position in 
frequency bands for civilian use, Wherein a technique of 
improving the accuracy by measuring carrier Wave phases of 
information sent from various satellites is introduced in the 
Journal of the Institute of Electronics, Information and 
Communication Engineers (Vol. 82, No. 12). 

[0022] According to the present invention, information of 
a vehicle (positional information, vehicle velocity informa 
tion and the like) is acquired through GPS at a high accuracy 
for judging conditions of road surfaces on Which the vehicle 
is running. The tendency of slip of the road surface during 
running is then detected on the basis of the road surface 
condition, and the driver is alarmed When the road is of loW 
y. 

[0023] According to the present embodiment, the device is 
composed of Wheel speed detecting means 1, the GPS device 
3 and a road surface condition judging means Which judges 
road surface conditions during running on the basis of a 
relationship betWeen rotational velocity and positional infor 
mation. 

[0024] The GPS device 3 might, for instance, be a VBOX 
(trade name) manufactured by Racelogic. The VBOX is 
capable of de?ning positions at a high accuracy since it 
employs a position de?ning method called Kinematic GPS 
in Which correction is performed by utiliZing phase differ 
ences in carrier Waves of satellite radio Waves. It should be 
noted that road surface conditions can be judged directly on 
the basis of information on vehicle velocity in the case 
Where the vehicle velocity can be calculated With a high 
accuracy With the use of Doppler effect in the GPS device. 

[0025] In the present embodiment, there is explained 
hereinafter an eXample in Which road surface conditions are 
judged on the basis of positional information in a GPS 
device Which cannot calculate vehicle velocity directly. 

[0026] The GPS device 3 according to the present embodi 
ment is composed of a distance calculating means Which 
reads the positional information in synchroniZation With 
time intervals of velocity detection for calculating rotational 
velocities and Which calculates a moving distance of the 
vehicle from the positional information, and a vehicle infor 
mation calculating means Which calculates the vehicle 
velocity and the acceleration of the vehicle from the moving 
distance. The present embodiment is further provided With a 
slip rate calculating means Which calculates a slip rate from 
the rotational velocity and the vehicle velocity, and road 
surface conditions are judged by means of a judging means 
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during running by utilizing the relationship between slip rate 
and acceleration. Here, the relationship betWeen slip rate and 
acceleration equals general p-s curves betWeen tires and 
road surfaces, and gradients are varied depending on 
Whether it is a high p road, an intermediate p road or a low 
M road. 

[0027] It is further desirable to include a moving average 
processing means Which performs moving averaging pro 
cesses for a speci?ed number of values of the rotational 
velocity and the velocity or acceleration of the vehicle Which 
have been read per each speci?ed time interval. 

[0028] According to the program for judging road surface 
conditions of the present embodiment, the control unit 2 is 
made to function as the road surface condition judging 
means Which judges road surface conditions during running 
on the basis of a relationship betWeen the rotational veloci 
ties of tires of the driving Wheels of the vehicle obtainable 
from the Wheel speed detecting means 1 and the positional 
information of the vehicle obtainable from the GPS device 
3. The control unit 2 is also made to function as the slip rate 
calculating means Which calculates a slip rate from the 
vehicle velocity calculated upon reading the positional infor 
mation in synchroniZation With time intervals of velocity 
detection for calculating rotational velocities and from the 
rotational velocity, and the judging means Which judges road 
surface conditions during running on the basis of a relation 
ship betWeen the slip rate and acceleration calculated in the 
GPS device. It is also made to function as the moving 
average processing means Which performs moving averag 
ing processes for a speci?ed number of values of the 
rotational velocity and the velocity or acceleration of the 
vehicle Which have been read per each speci?ed time 
interval. 

[0029] One example of operations of the apparatus for 
judging road surface conditions according to the present 
embodiment Will noW be explained along steps (1) to 

[0030] (1) The respective rotational velocities (Vln, V2n, 
V3n, V4“) of the four Wheel tires of the vehicle are calcu 
lated. 

[0031] For instance, Wheel speed data obtained at an 
arbitrary point of time of the respective Wheel tires of the 
vehicle from a sensor such as an ABS sensor are de?ned to 

be rotational velocities Vln, V2n, V3n, V4n. 

[0032] (2) The rotational velocity T of the driving Wheels 
of the vehicle is then calculated. For instance, in the case of 
a tWo-Wheel-drive vehicle, it might be the average rotational 
velocities of the driving Wheels, and in the case of a 
four-Wheel-drive vehicle, it might be the average rotational 
velocity of the four Wheels. It might alternatively be the 
rotational velocity of one Wheel from among the tWo or four 
driving Wheels. 

[0033] (3) The moving distance of the vehicle is calculated 
from the positional information of the vehicle during run 
ning calculated by using the GPS device, and the vehicle 
velocity Vfn is obtained thereafter. As stated above, the 
vehicle velocity Vfn can be inputted Without calculating it 
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from the positional information in the case of GPS device 
Which can calculate the vehicle velocity directly. 

[0034] (4) Supposing that vehicle velocity data preceding 
the vehicle velocity Vfn by one is vehicle velocity Vfn_1, the 
acceleration of the vehicle Vafn is given by the folloWing 
equation 

[0035] Here, At is a time interval (sampling period) 
betWeen average vehicle velocities Vfn and Vfn_1 calculated 
on the basis of the vehicle velocity data Which is in syn 
chroniZation With the sampling time of the rotational veloc 
ity, and G is acceleration of gravity. In order to reduce 
variations in data and enable judgment in a short time, the 
sampling period is required to be not more than 0.1 second. 
More preferably, the value should be not more than 0.05 
second. 

[0036] (5) The slip rate of the vehicle during running is 
calculated from the folloWing equation Here, T denotes 
a rotational velocity of the driving Wheels and V the vehicle 
velocity. 

[0037] (6) The relationship betWeen the slip rate of the 
driving Wheels of the vehicle and the acceleration of the 
vehicle is then obtained. 

[0038] Here, for obtaining the slip rate and the accelera 
tion, the folloWing treatments are performed. 

[0039] 1. For eliminating in?uences of disturbances oWing 
to concaves and convexes of the road surfaces, a speci?ed 
number of pieces of data obtained per each sampling period, 
for instance, 50 pieces of data, undergo moving average 
processing. 

[0040] In order to reduce variations in data Without reduc 
ing the number of data, data are sampled at short sampling 
periods, for instance, several tens of ms, and data of large 
variations obtained during the sampling period undergo 
moving averaging. This moving averaging treatment can be 
also applied to data of rotational velocity and vehicle 
velocity. 

[0041] 2. Next, for obtaining a linear relationship betWeen 
slip rate and acceleration, linear approximation through least 
square approximation method of a speci?ed number of 
pieces, for instance, 20 pieces of data, is performed, and this 
process is peformed per each sampling period. 

[0042] Consequently, a gradient of the linear approximate 
expression obtained for each sampling period Will corre 
spond to a value indicative of the tendency of slip of the road 
surface. 

[0043] While the present invention Will noW be explained 
on the basis of examples thereof, the present invention is not 
to be limited to such examples only. 

[0044] Embodiment 

[0045] A four-Wheel-drive vehicle (displacement of 2.0 L) 
Was provided. The tire siZe Was 205/55R16. The running 
conditions for the vehicle Were such that road surfaces of 
different values for the road surface p, namely ceramic tiles, 
Dorset pebbles and Wet concrete Were employed on the 
Okayama track course oWned by Sumitomo Rubber Indus 
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tries, Ltd. The GPS sensor mounted on the vehicle Was a 
VBOX PRO manufactured by Racelogic. The sampling 
frequency Was 50 HZ. 

[0046] The vehicle Was made to run for approximately 10 
seconds on the respective road surfaces. The relationship 
betWeen the slip rates and accelerations as plotted by using 
the apparatus for judging road surface conditions stored With 
the program for judging road surface conditions according to 
the present embodiment is shoWn in FIG. 3. It can be 
understood from FIG. 3 that the gradients of linear approxi 
mate expressions differ among the road surfaces and that the 
gradient becomes larger the loWer the p of the road is. 

[0047] Accordingly, by judging conditions of road sur 
faces on Which a vehicle is running and employing such 
information as transmission control information of an auto 
matic transmission system, in an apparatus for detecting 
decrease in tire air-pressure or a road surface condition 
judging system, it is possible to improve running perfor 
mance and stability of running. 

[0048] As explained so far, according to the present inven 
tion, conditions of road surfaces on Which a four-Wheel 
drive vehicle is running can be accurately judged. The 
present invention is further applicable to tWo-Wheel-drive 
vehicles as Well. 

[0049] Since the present invention can be easily linked 
With GPS positional information, it is possible to draft road 
maps including road surface conditions. 

What is claimed is: 
1. A method for judging road surface conditions for 

judging road surface conditions on Which a vehicle is 
running, comprising the steps of: obtaining Wheel speed 
rotational information of driving Wheels of the vehicle 
during running from Wheel speed detecting means, receiving 
GPS radio Waves to calculate positional information, and 
judging road surface conditions during running on the basis 
of a relationship betWeen the Wheel speed rotational infor 
mation and the positional information. 

2. The method of claim 1, Wherein the Wheel speed 
rotational information is indicative of rotational velocities 
Which are calculated upon reading periods of Wheel speed 
pulses of the Wheel speed detecting means and the number 
of pulses at speci?ed time intervals; the positional informa 
tion is read in synchroniZation With time intervals of velocity 
detection for calculating rotational velocities to calculate a 
moving distance of the vehicle from the positional informa 
tion; the vehicle velocity and the acceleration of the vehicle 
are calculated from the moving distance; and a slip rate is 
calculated from the rotational velocity and the vehicle 
velocity, and road surface conditions are judged during 
running by utiliZing the relationship betWeen slip rate and 
acceleration. 

3. The method of claim 2, Wherein moving averaging 
processes are performed for a speci?ed number of values of 
the rotational velocity and the velocity or acceleration of the 
vehicle Which have been read per each speci?ed time 
interval. 

4. An apparatus for judging road surface conditions for 
judging road surface conditions on Which a vehicle is 
running, comprising: Wheel speed detecting means Which 
detect Wheel speed rotational information of tires of driving 
Wheels of the vehicle, a GPS device Which receives GPS 
radio Waves and calculates positional information, and a 
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road surface condition judging means Which judges road 
surface conditions during running on the basis of a relation 
ship betWeen the Wheel speed rotational information and the 
positional information. 

5. The apparatus of claim 4, Wherein the Wheel speed 
rotational information is indicative of rotational velocities 
Which are calculated upon reading periods of Wheel speed 
pulses of the Wheel speed detecting means and the number 
of pulses at speci?ed time intervals; the GPS device further 
includes a distance calculating means Which reads the posi 
tional information in synchroniZation With time intervals of 
velocity detection for calculating rotational velocities and 
Which calculates a moving distance of the vehicle from the 
positional information, and a vehicle information calculating 
means Which calculates the vehicle velocity and the accel 
eration of the vehicle from the moving distance; and the 
apparatus is further provided With a slip rate calculating 
means Which calculates a slip rate from the rotational 
velocity and the vehicle velocity, and a judging means Which 
judges road surface conditions during running on the basis 
of a relationship betWeen the slip rate and the acceleration. 

6. The apparatus of claim 5, Wherein the apparatus further 
includes a moving average processing means Which per 
forms moving averaging processes for a speci?ed number of 
values of the rotational velocity and the velocity or accel 
eration of the vehicle Which have been read per each 
speci?ed time interval. 

7. Aprogram for judging road surface conditions in Which 
for judging road surface conditions, a computer is made to 
function as a road surface condition judging means Which 
judges road surface conditions during running on the basis 
of a relationship betWeen Wheel speed rotational information 
of tires of driving Wheels of the vehicle obtainable from 
Wheel speed detecting means and positional information of 
the vehicle obtainable from a GPS device Which receives 
GPS radio Waves to calculate positional information. 

8. The program of claim 7, Wherein the Wheel speed 
rotational information is indicative of rotational velocities 
Which are calculated upon reading periods of Wheel speed 
pulses of the Wheel speed detecting means and the number 
of pulses at speci?ed time intervals; and the computer is 
further made to function as a slip rate calculating means 
Which calculates a slip rate from the vehicle velocity cal 
culated upon reading the positional information in synchro 
niZation With time intervals of velocity detection for calcu 
lating rotational velocities, and from the rotational velocity, 
and a judging means Which judges road surface conditions 
during running on the basis of a relationship betWeen the slip 
rate and acceleration calculated in the GPS device. 

9. The program of claim 8, Wherein the computer is yet 
further made to function as a moving average processing 
means Which performs moving averaging processes for a 
speci?ed number of values of the rotational velocity and the 
velocity or acceleration of the vehicle Which have been read 
per each speci?ed time interval. 

10. A method for judging road surface conditions for 
judging road surface conditions on Which a vehicle is 
running, comprising the steps of: obtaining Wheel speed 
rotational information of driving Wheels of the vehicle 
during running from Wheel speed detecting means, receiving 
GPS radio Waves to calculate information on vehicle veloc 
ity, and judging road surface conditions during running on 
the basis of a relationship betWeen the Wheel speed rota 
tional information and the information on vehicle velocity. 
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11. The method of claim 10, wherein the Wheel speed 
rotational information is indicative of rotational velocities 
Which are calculated upon reading periods of Wheel speed 
pulses of the Wheel speed detecting means and the number 
of pulses at speci?ed time intervals; the information on 
vehicle velocity is read in synchronization With time inter 
vals of velocity detection for calculating rotational veloci 
ties; the vehicle velocity and the acceleration of the vehicle 
are calculated from the information on vehicle velocity; and 
a slip rate is calculated from the rotational velocity and the 
vehicle velocity, and road surface conditions are judged 
during running by utiliZing the relationship betWeen slip rate 
and acceleration. 

12. The method of claim 11, Wherein moving averaging 
processes are performed for a speci?ed number of values of 
the rotational velocity and the velocity or acceleration of the 
vehicle Which have been read per each speci?ed time 
interval. 

13. An apparatus for judging road surface conditions for 
judging road surface conditions on Which a vehicle is 
running, comprising: Wheel speed detecting means Which 
detect Wheel speed rotational information of tires of driving 
Wheels of the vehicle, a GPS device Which receives GPS 
radio Waves and calculates information on vehicle velocity, 
and a road surface condition judging means Which judges 
road surface conditions during running on the basis of a 
relationship betWeen the Wheel speed rotational information 
and the information on vehicle velocity. 

14. The apparatus of claim 13, Wherein the Wheel speed 
rotational information is indicative of rotational velocities 
Which are calculated upon reading periods of Wheel speed 
pulses of the Wheel speed detecting means and the number 
of pulses at speci?ed time intervals; the GPS device further 
includes a vehicle information calculating means Which 
reads the information on vehicle velocity in synchroniZation 
With time intervals of velocity detection for calculating 
rotational velocities and Which calculates the vehicle veloc 
ity and the acceleration of the vehicle from the information 
on vehicle velocity; and the apparatus is further provided 
With a slip rate calculating means Which calculates a slip rate 
from the rotational velocity and the vehicle velocity, and a 
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judging means Which judges road surface conditions during 
running on the basis of a relationship betWeen the slip rate 
and the acceleration. 

15. The apparatus of claim 14, Wherein the apparatus 
further includes a moving average processing means Which 
performs moving averaging processes for a speci?ed num 
ber of values of the rotational velocity and the velocity or 
acceleration of the vehicle Which have been read per each 
speci?ed time interval. 

16. A program for judging road surface conditions in 
Which for judging road surface conditions, a computer is 
made to function as a road surface condition judging means 
Which judges road surface conditions during running on the 
basis of a relationship betWeen Wheel speed rotational 
information of tires of driving Wheels of the vehicle obtain 
able from Wheel speed detecting means and information on 
vehicle velocity obtainable from a GPS device Which 
receives GPS radio Waves. 

17. The program of claim 16, Wherein the Wheel speed 
rotational information is indicative of rotational velocities 
Which are calculated upon reading periods of Wheel speed 
pulses of the Wheel speed detecting means and the number 
of pulses at speci?ed time intervals; and the computer is 
further made to function as a slip rate calculating means 
Which calculates a slip rate from the vehicle velocity cal 
culated from information on vehicle velocity upon reading 
the information on vehicle velocity in synchroniZation With 
time intervals of velocity detection for calculating rotational 
velocities, and from the rotational velocity, and a judging 
means Which judges road surface conditions during running 
on the basis of a relationship betWeen the slip rate and 
acceleration calculated in the GPS device. 

18. The program of claim 17, Wherein the computer is yet 
further made to function as a moving average processing 
means Which performs moving averaging processes for a 
speci?ed number of values of the rotational velocity and the 
velocity or acceleration of the vehicle Which have been read 
per each speci?ed time interval. 


